Asset market participants generally do not like uncertainty. In studying the cross-section of carry-trade-generated currency excess returns and their exposure to macroeconomic uncertainty, we find it also to be true for those participating in this market. A global, news-based measure of macroeconomic uncertainty is negatively and robustly priced into these excess returns, which is consistent with the existence of a global uncertainty factor.
Introduction
During times of heightened economic uncertainty, precautionary saving should increase, real investment should decline, and portfolios should be rebalanced away from risky assets towards safe assets. This paper studies how such responses to variations in uncertainty play out in global asset markets. We investigate the way uncertainty is or is not priced into carry-trade-generated currency excess returns and seek answers to the following questions. First, how do return dynamics on risky currencies differ from those of safe currencies in the face of variations in economic uncertainty? Second, do mean currency excess returns vary in proportion to their exposure to uncertainty? Third, which measures or characterizations of uncertainty are useful for understanding systematic differences in these currency excess returns?
The measures of economic uncertainty we use are not our own. Instead, we defer to an active area of research that is working to quantify macroeconomic uncertainty. This body of research proposes a variety of alternative measures of economic uncertainty and shows how economic activity becomes depressed following upward spikes in measured uncertainty. We draw upon several measures of uncertainty, proposed recently in the literature, and ask if they encapsulate those phenomena international investors and traders pay attention to when evaluating portfolio investments on carry-trade assets.
Our candidate risk factors can be dichotomized into measures of US versus global uncertainty, into macroeconomic versus financial uncertainty, and trichotomized into news-based versus data-based versus subjective measures. The news-based measures include those proposed by Baker et al. (2016) , Husted et al. (forthcoming) , and Caldara and Iacoviello (2016) . They are based on the frequency with which certain words or phrases relating to uncertainty are mentioned in major newspapers. We also analyze econometrically constructed measures of uncertainty proposed by Jurado et al. (2015) , Ozturk and Sheng (2016) , Scotti (2013) , and Rossi et al. (2016) . The uncertainty indices proposed by these researchers aggregate the variances of econometric or professional forecast errors over a large set of macroeconomic or financial variables. Overall, a variety of strategies have been employed to produce indices capturing different aspects of uncertainty, and several of them were presented at the conference represented by this special issue. 1 The focal point of this collection of uncertainty measures is on general macroeconomic uncertainty, however, HRS (Husted et al., forthcoming) focuses on monetary policy uncertainty and CI (Caldara and Iacoviello, 2016) focuses on geopolitical tension. In addition to macroeconomic uncertainty, BBD (Baker et al, 2016) and JLN (Jurado et al., 2015) generate indices focused on financial market uncertainty. The assets we study are six interest-rate ranked portfolios of currency excess returns. Excess returns are formed relative to the US and are related to the carry trade, which instructs you to borrow the low interest rate currency and lend the high interest rate currency. The robust uncertainty factor priced into currency excess returns is a global version of the BBD (2016) measure. This uncertainty factor has three salient characteristics. First, it is a global measure as opposed to being US centric. In a globally integrated financial market, investors should respond to global economic uncertainty, and our results are consistent with this view. US specific measures, it turns out, are not sufficient statistics for pricing currency excess returns, although they do show some importance for developed country currency returns. Second, the factor is news-based as opposed to being an econometric construction from macro time series or from subjective professional forecasts. Newsbased indices measure the attentiveness of editors and reporters to various concepts of economic, financial, or security uncertainty which presumably proxies for the interest level of the reading public. These indices are found to do a better job in capturing an uncertainty factor to which global investors respond. Third, the factor is focused on macroeconomic as opposed to financial uncertainty. However, our results do not generally rule out financial uncertainty measures, as the financial measures available to us are not global measures but are focused on the US.
We study currency returns at the one-month horizon. High interest currencies are the risky ones that pay the largest premium. Their returns tend to fall during times of high economic uncertainty whereas the returns of the lowest interest currencies tend to rise. In terms of their exposure to risk, high-interest portfolios have negative betas and low-interest portfolios have positive betas. The uncertainty factor itself looks like risk. It increases in bad times and declines in good times. The high interest-rate portfolios pay a large excess return in good times as compensation for poor performance in bad times.
The economic mechanism at work is that international investors pay attention to a global factor, in the sense that their stochastic discount factors depend on the factor. It is unlikely that they actually monitor the BBD Global index. More likely, BBD Global is a reasonably accurate estimator of the true underlying uncertainty factor. As an illustration of the mechanism, we draw on Lustig et al.'s (2011) two-factor no arbitrage affine asset pricing model as an organizing framework for the interpretation of the empirical results. The model features two state variables-a global uncertainty factor and a country-specific uncertainty factor. Excess return variation over time and across currencies will emerge if there is heterogeneity in crosscountry loadings of global uncertainty in the log stochastic discount factor (SDF). The model heterogeneity implied by the data is that the log SDFs of risky currencies-those with high interest rates and high excess returns-load more heavily on the global uncertainty factor. Our paper is part of an active literature that studies portfolios of currency excess returns in the context of asset pricing models. The absolute asset pricing strand of the literature examines currency returns in terms of their direct exposure to basic macroeconomic fundamental risk factors. Burnside et al. (2011), Lustig and Verdelhan (2007) , Menkhoff et al. (2013) , Berg and Mark (2016) consider frameworks where stochastic discount factors are built from macroeconomic measures of risk, such as consumption or GDP growth. Della Corte et al. (2016) focus on countries' external balances, Hassan (2013) discusses a country-size factor in that large country debt, being more desirable to investors, has lower yields, while Ready et al. (2015) analyze differences across countries in the diversification of their production technologies. 2 In the relative asset pricing strand of the literature, risk factors are excess returns on traded assets. In Lustig et al. (2011) , the two factors are level and slope of carry trade excess returns while Ang and Chen (2010) focus on factors derived from country yield curves. Our paper is more closely aligned with a strand of the literature that connects notions of uncertainty to currency excess returns. Here, Menkhoff et al. (2012) price returns to global foreign exchange volatility, Della price currency returns in relation to sovereign risk, and Della Corte and Krecetovs (2015) build uncertainty indices from the dispersion of professional forecast errors on major macroeconomic indicators. As with these papers, the uncertainty indices we employ attempt to capture variations in macroeconomic uncertainty by aggregating primitive information on a large number of economic and/or financial variables.
Our paper does not claim to present a new solution to the carry-trade excess return anomaly. Research cited above, has already shown that there are risk factors that price carry-trade currency returns. Instead, our objective is to study the information content of newly proposed uncertainty measures and to compare their usefulness in understanding currency returns. From a macroeconomic perspective, an improved understanding of currency excess returns can help inform future developments in modeling uncovered interest rate parity shocks. Frequently, macro models impose exogenous dynamics into deviations from uncovered interest rate parity (UIP) for the models to generate realistic exchange rate dynamics 1 ''Impact of Uncertainty Shocks on the Global Economy," the 2nd Workshop on Macroeconomic Uncertainty, London, 12-13 May 2016. 2 Jordà and Taylor (2012) and Daniel et al. (2014) study augmenting strategies beyond the carry (comparing interest rates) to improve return performance. In another strand of the literature, Brunnermeier et al. (2008) , Jurek (2014) , Lettau et al. (2014) employ the rare-disaster framework, while Clarida et al. (2009) and Christiansen et al. (2011) focus on regime switches. (Kollmann, 2002; Devereux and Engel, 2003; Engel, 2015; Itskhoki and Mukhin, 2016) . Empirical analyses, such as ours, may aid in developing models with endogenous deviations from UIP.
The organization of the paper is as follows. The next section discusses the construction of portfolios of currency excess returns. Section 3 describes the data. Section 4 describes the uncertainty measures and implements the main empirical work. Section 5 discusses the empirical results. Section 6 provides a further examination of the BBD Global uncertainty factor. Section 7 presents the affine asset pricing model, and Section 8 concludes.
Portfolios of currency excess returns
The availability of currency excess returns, implied by violations of uncovered interest parity, has been recognized as an empirical regularity since Hansen and Hodrick (1980) , Bilson (1981), and Fama (1984) . Because the interest rate differential between two countries is not offset by subsequent short-horizon movements in exchange rates, systematically positive excess returns can be generated by shorting one country's currency and using the proceeds to take a long position in the other country's currency. An extensive literature is devoted to understanding why these currency excess returns exist and how they behave. Hodrick (1987) , Engel (1996) , and Lewis (1995) survey this earlier literature. One strand of this work was aimed at understanding the excess returns as risk premia, with an emphasis on the time-series behavior of individual currency excess returns-that is, the observational unit was the bilateral excess US dollar return against a single currency. This research struggled to identify systematic risk in currency returns.
A useful innovation of recent methodology, introduced by Lustig and Verdelhan (2007) , was to change the observational unit from individual returns to portfolios of currency excess returns. This is useful because organizing the data into portfolios of returns averages out noisy idiosyncratic and non-systematic variation in the returns, which helps improve one's ability to uncover systematic risk. A second break from the older literature has been to switch the emphasis from the time-series to the cross section of returns and to focus on understanding why some excess returns are systematically high and positive while others are less so. As we are following the current literature, our units of analysis are interest rate ranked portfolios of currency returns in excess of the US interest rate. By analogy to the carry trade, which shorts the low interest rate currency and goes long the high interest rate currency, we call these carry-trade-generated portfolios of currency excess returns.
In each time period, we rank countries by their interest rates from low to high. As in Lustig et al. (2011) , we form six such portfolios, P 1 ; . . . ; P 6 where P 6 is the equally weighted average return from those countries in the highest quantile of interest rates and P 1 is the equally weighted average return from the lowest quantile. Bilateral excess returns are stated relative to the US.
3 At time t, there are n t þ 1 currencies available. The US will always be country '0.' The nominal interest rate of country j is r j;t for j ¼ 0; . . . ; n t . The exchange rate, S j;t , is expressed as USD per foreign currency unit so that a higher exchange rate means the dollar has fallen in value relative to the foreign currency. In the carry trade, one uses the USD as the funding currency if the average of portfolio P i interest rates are higher than the US rate and vice versa. The exact excess return for portfolio P i (re
and the log-approximate excess return is
The next section describes the data we use to construct the portfolios of currency excess returns as well as some properties of the excess return data.
The returns data
We study monthly currency excess returns and the maximal span is 1973.04 to 2014.12.
4 Cross-country data availability varies over time. At the beginning of the sample, observations are available for 11 countries. The sample expands to include additional countries as their data becomes available, and contracts when data vanishes (as when countries join the euro). Our encompassing sample is for 41 countries plus the euro area. The countries are Australia, Austria, Belgium, Brazil, Canada, Chile, Colombia, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, India, Indonesia, Ireland, Israel, Italy, Japan, Malaysia, Mexico, the Netherlands, New Zealand, Norway, the Philippines, Poland, Portugal, Romania, 3 An alternative, but equivalent approach would be to short any of the nt þ 1 currencies and to go long in the remaining nt currencies. Excess returns would be constructed by 'differencing' the portfolio return, as in Lustig et al. (2011) and Menkhoff et al. (2013) , by subtracting the P 1 return from P 2 through P 6 . It does not matter, however, whether excess returns are formed by the 'difference' method or by subtracting the US interest rate because portfolios formed by one method are linear combinations of portfolios formed by the other. 4 For robustness, we also study quarterly currency excess returns which have a maximal span of 1973Q1 to 2014Q2. Cross-country data availability varies over time. At the beginning of the sample, observations are available for 10 countries. To save on space, we do not report quarterly results in the paper.
Singapore, South Africa, South Korea, Spain, Sweden, Switzerland, Taiwan, Thailand, Turkey, the United Kingdom, and the United States. 5 Observations for European countries that join the euro area are dropped at the time they adopt the common currency.
Interest rates are either Eurocurrency or interbank rates. We employ interest rates on interbank or Eurocurrency loans because we want returns on assets that are tradable and for which investors can take both long and short positions. Rates in different currencies are quoted by the same bank, so Eurocurrency/interbank rates net out cross-country differences in default risk. Since the global financial crisis began in 2007, covered interest parity no longer holds (Pinnington and Shamloo, 2016; Du et al., 2016) . Hence, using the foreign exchange rate forward premium to substitute for the interest rate differential is not advised.
One-month yields are from Global Financial Data and exchange rates are from Bloomberg. Observations are end-of-month and point-sampled. From 1973 to 1996, availability of exchange rates and interest rates from the aforementioned sources are spotty. To augment the time-series dimensions, exchange rates and interest rates for Australia, Belgium, Canada, France, Germany, Italy, Japan, the Netherlands, Switzerland, the United Kingdom, and the United States are from the Harris Bank Weekly Review. These are quotations from the last Friday of the month from 1973.03 to 1996.01.
The other data we employ are quantitative measures of uncertainty developed by various researchers. We describe these data in Section 4. We next provide some summary statistics of the returns data described above. 
D lnðS j;tþ1 Þ in log-units. These form the cross-section of returns that we analyze below. P 6 excess returns are large and P 1 excess returns are low (negative, actually). Non-monotonicity of the monthly excess returns is due to P 3 . There is a large jump in the average excess return from P 5 to P 6 . Looking at the interest rate differential and exchange rate components, on average, there is no forward premium anomaly in P 4 ; P 5 , and P 6 portfolio excess returns. The forward premium anomaly says higher foreign interest rates relative to the US are associated with a strengthening of their currencies. Instead, for these portfolios, the average exchange rate movements go in the direction of uncovered interest parity. Fig. 1 plots cumulated monthly excess returns from shorting the dollar and going long in the foreign currency portfolios. A carry trade based on portfolio P 6 performs poorly before the mid 1980s, but its profitability takes off around 1985. The observations available in the 1970s are mostly for European countries, who held a loose peg against the deutsche mark, initially through the 'Snake in the Tunnel,' and then in 1979 through the European Monetary System. During this period, there is not much cross-sectional variation across countries, especially in their exchange rate movements against the USD. The US nominal interest rate was also relatively high during this time period.
The global financial crisis was a time of high economic uncertainty. The decline in returns of the higher interest rate currencies in 2009, which can be seen from Fig. 1 underscores the riskiness in those portfolios, and suggests that they may be driven by an uncertainty factor. In contrast to the other portfolio excess returns, P 1 cumulated returns continue to rise during the period. These would be considered the safe-haven currencies.
Uncertainty measures
This section describes the uncertainty measures, proposed in the literature, that we employ in our analysis.
Newspaper based measures
The first group of uncertainty indices are based on the frequency of newspaper articles that mention certain words or phrases. These indices are not directly based on macroeconomic fundamentals. They measure the extent to which newspaper editors and reporters are paying attention to various concepts of economic, financial, or security uncertainty. Presumably, the frequency of newspaper coverage for these topics proxies for the interest level in these topics of the reading public.
BBD US and BBD Global: These are indices from Baker et al. (2016) . They construct economic policy uncertainty indices for Australia, China, Europe, France, Germany, India, Italy, Japan, Korea, Russia, Spain, United Kingdom, and the US. To build the index for the US, they search in major newspapers and tally up terms related to economic and policy uncertaintyterms such as 'uncertainty' or 'uncertain,' 'economic' or 'economy,' and 'congress,' 'legislation,' 'white house,' 'regulation,' 'federal reserve,' or 'deficit.' The same approach is followed in constructing indices for the other countries. We form a BBD Global uncertainty measure by taking the cross-sectional average of the individual country uncertainty indices. The crosssectional average is known to approximate the first principal component. These indices were downloaded from their website, http://www.policyuncertainty.com/index.html. 5 The selection of countries in our sample was based on the availability of rates on interbank or Eurocurrency loans. 6 The long-run relationship between the interest rate differential and the exchange rate return for P 4 ; P 5 , and P 6 portfolios is consistent with long-horizon uncovered interest parity as reported in Chinn and Merideth (2004) . BBD US Equity: This is Baker, Bloom, and Davis's index built from analyses of news articles containing terms related to US equity market uncertainty. Starting in January 1985, they tally searches of terms such as 'uncertainty' or 'uncertain,' 'economic' or 'economy,' and 'equity market,' 'equity price,' 'stock market,' or 'stock price.' They only do this for the US. This index was downloaded from their website, http://www.policyuncertainty.com/index.html. CI GeoPol: This is a global index of geopolitical risk proposed by Caldara and Iacoviello (2016) . They draw on the Baker, Bloom, and Davis newspaper analysis by counting occurrence of words related to geopolitical tensions in leading newspapers to create a monthly index of geopolitical risk. Their index spikes around events such as the Gulf War, 9/11, the 2003 Iraq invasion, the 2014 Russia-Ukraine crisis, and the Paris terrorist attacks. Their index is found to lead declines in real activity, moves with the VIX and corporate credit spreads, and moves inversely with oil prices. HRS MPU: This is a news-based monetary policy uncertainty index for the US proposed by Husted et al. (forthcoming). They construct their index using the newspaper approach similar to Baker, Bloom, and Davis, but with a focus on US monetary policy. Their index begins in 1985.
Econometric measures
The next set of uncertainty indices are based on econometric analyses of macroeconomic time-series data and analyses of professional forecasts.
JLD Macro and JLD Fin: These are the macroeconomic uncertainty and financial market uncertainty indices for the US, proposed and analyzed by Jurado et al. (2015) . They begin by computing individual uncertainty, which is the conditional volatility of the forecasting error of an individual macroeconomic or financial time series. They compute them at 1-, 3-, and 12-month ahead forecast-error horizons. The macro uncertainty index is an aggregate of the individual macro Notes: To form the portfolio returns, we sort by the nominal interest rate for each country from low to high. The rank ordering is divided into six categories, into which the currency returns are assigned. P 6 is the portfolio of returns associated with the highest interest rate quantile and P 1 is the portfolio of returns associated with the lowest interest rate quantile. The excess returns are the mean of the USD returns in each category minus the US nominal interest rate and are stated in percent per annum. These are log-approximated excess returns and exchange rate returns. The mean currency excess return is uncertainty measures and the financial uncertainty index is an aggregate of the individual financial time-series uncertainty measures. Their macro (financial) data set consists of hundreds of macroeconomic (financial) time-series. We employ the 1-month horizon indices in analysis of monthly currency excess returns. S-RTA Global: Scotti (2013) constructs a daily, real-time uncertainty measure using surprises to macroeconomic data releases. She constructs indices for Canada, the euro area, Japan, United Kingdom, and the US. Individual surprises are deviations between the data release and the median Bloomberg forecast of industrial production, employment, retail sales, purchasing manager's index, and the unemployment rate. Squaring the surprise gives the uncertainty measure. The individual uncertainty is aggregated using weights obtained from a dynamic factor model for a latent uncertainty index estimated with the individual macro time series. We employ the cross-sectional average of her country indices as a global measure of uncertainty. We note that she constructs her indices beginning in 2003.05, so the time-span of measurement is relatively short. OZ Global: Ozturk and Sheng (2016) create an index similar to Scotti (2013) in that their measure is based on forecasts of market participants. Using the Consensus Forecasts from 1989 to 2014 on 8 variables for 46 countries, they construct a global uncertainty measure by aggregating the mean-square professional forecast errors across variables, countries, and forecasters. RSS-U, RSS Ex Ante, and RSS Knight: Knight (1921) distinguishes between risk (assessing probabilities associated with a known distribution) and uncertainty (problems faced when the distribution is unknown). Rossi et al. (2016) (RSS) is unique and innovative, in the sense that they attempt to model Knightian uncertainty. Using the Survey of Professional Forecasters, they trace the probability forecast of any outcome by an individual forecaster and call the mean-square prediction error (MSPE) of this probability forecast (i.e., the MSPE applied to the forecast distribution) the individual forecaster's uncertainty. Aggregating over individuals, then integrating over the domain of the distribution gives an overall measure of uncertainty. This overall measure can be decomposed in various ways. One decomposition gives a measure of Knightian uncertainty. An alternative decomposition breaks overall uncertainty into ex ante and ex post components. We employ the overall measure (RSS-U), the ex ante measure (RSS Ex Ante) and the Knightian uncertainty (RSS Knight) in our analysis. We note that RSS compute their uncertainty measures only for the US.
Estimation
We are considering a variety of uncertainty measures in our analysis. Each measures a different feature of the macroeconomy. The newspaper based indices measure the public's interest in a particular topic (policy uncertainty, financial market uncertainty, geopolitical tensions). The second group of measures come from direct and indirect (of professional forecasts) analyses of the macroeconomic data.
BBD, CI, Scotti and OZ's work give uncertainty measures that are global in nature. The others are strictly US based. One might ask if it makes any sense to entertain US based uncertainty measures as a potential factor for currency excess returns. For motivation that a US measure may be a sufficient statistic, we cite studies by Lustig and Verdelhan (2007) , who reported success in pricing currency excess returns via the consumption CAPM using only US consumption growth, Andersen et al. (2007) , who find US macroeconomic news moves equity, bond, and foreign exchange markets, and Andersen et al. (2003) , who find that the USD/GDM reacts to US data releases but not to releases of German data.
We employ the two-pass regression method used in finance to estimate how the cross-section of carry-trade excess returns are priced by the potential uncertainty factors described above. n o , k ¼ 1; ::; K, be the collection of potential uncertainty factors. In the first pass, we run N ¼ 6 individual time-series regressions of the excess returns on the K factors to estimate the factor 'betas' (the slope coefficients on the risk factors),
Covariance is risk, and the betas measure the extent to which the excess return is exposed to, or covaries with, the k À th uncertainty factor (holding everything else constant). If this uncertainty factor is systematic and undiversifiable, investors should be compensated for bearing it. The uncertainty factor should explain why some excess returns are high while others are low. This implication is tested in the second pass, which is the single cross-sectional regression of the (time-series) mean excess returns on the estimated betas,
where re p i ¼ ð1=TÞ P T t¼1 re p i;t and the slope coefficient k k is the risk premia associated with the k À th uncertainty factor. In other contexts, the excess return is constructed relative to what the investor considers to be the risk-free interest rate.
If the model is properly specified, the intercept c should be zero. In the current setting, the carry trades are available to global investors. When the trade matures, the payoff needs to be repatriated to the investor's home currency, which entails some foreign exchange risk. Hence, the excess returns we consider are not necessarily relative to 'the' risk-free rate, and there is no presumption that the intercept c is zero.
To draw inference about the ks, we recognize that the betas in Eq. (4) are not data themselves, but are estimated from the data. To do this, we compute the GMM (generalized method of moments) standard errors, described in Cochrane (2005) and Burnside (2011a Burnside ( , 2011b , that account for the generated regressors problem and for heteroskedasticity in the errors. Cochrane (2005) sets up a GMM estimation problem using a constant as the instrument, which produces the identical point estimates for b i;k and k k as in the two-pass regression. The GMM procedure automatically takes into account that the b i;k are not data, per se, but are estimated and are functions of the data. It is also robust to heteroskedasticity and autocorrelation in the errors. Also available is the covariance matrix of the residuals a i , which we use to test that they are jointly zero. The a i are referred to as the 'pricing errors,' and should be zero if the model adequately describes the data. We get our point estimates by doing the two-pass regressions with least squares and get the standard errors by 'plugging in' the point estimates into the GMM formulae.
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The objective is to see if there is a systematic (proportional) relationship between average currency excess returns and their exposure (betas) to uncertainty. The point is not to get a high R 2 in the time-series regression or to statistically reject the hypothesis that the betas are zero. The GMM standard errors automatically take into account the sampling variation in the estimated betas.
Empirical results
This section addresses the central issue of the paper. Does the cross-section of carry-trade-generated currency excess returns vary according to their exposure to uncertainty measures? Is there evidence that an uncertainty factor drives currency excess returns?
Currency excess return analysis
We begin by estimating a single-factor model for monthly returns with the two-pass procedure. Table 2 shows the second stage estimation results for the single-factor model.
Evidence in Table 2 is potentially favorable to several uncertainty indices as a possible uncertainty factor in monthly currency excess returns. All three of the BBD measures, CI's geopolitical index, JLN Macro, and RSS Ex Ante are significantly priced in currency excess returns (the t-ratios on k estimates are significant). These results suggest that carry trade investors, although they may not necessarily pay attention to these indices per se, are influenced by the same underlying factors that cause variation in the indices over time. The uncertainty indices are inversely related to what normally would be considered risk, in that their betas and the price of risk (k) are negative. Upward spikes in uncertainty is bad news for global investors as higher values of the indices are associated with declines in the high interest portfolio excess returns. High values of the indices must be associated with the bad state of nature. The exception is CI GeoPol, which has a positive estimated k.
Among the alternative uncertainty measures, an informal examination suggests that the BBD Global measure dominates.
It has the highest t-ratio on the k estimate and the highest R 2 . But is BBD Global robust to the alternatives? To address this question, we estimate a two-factor model with BBD Global as the maintained first factor, and we consider each of the alternative indices as a potential second factor. As an additional robustness check, we build an additional factor that aggregates information from all the uncertainty measures but excluding BBD Global. This is the first principal component of 11 uncertainty measures, which we label as 'First PC.' Table 3 shows the estimation results. Here, BBD Global is significant at the 5% level in every case except when S-RTA Global is included, but even there it is significant at the 10% level. None of the alternative uncertainty measures are significantly priced, even at the 10% level. BBD Global appears to be a robust uncertainty factor for carry-trade-generated currency excess returns.
What do the BBD Global betas look like? Fig. 2 is a scatter plot of each portfolio's average excess return against its BBD Global beta. The figure gives a visual representation of the regression results that average currency excess returns are characterized as varying in proportion to their beta. High interest portfolio (P 6 ) currency excess returns have a negative beta. These excess returns tend to be low during periods of high global uncertainty. Beta on the low interest (P 1 ) portfolio currency excess returns is positive, which is consistent with the idea that those in P 1 are safe-haven currencies.
What are the interest and exchange rate component exposures to the BBD Global factor? If UIP held, the beta on re p i;t would be zero. The interest rate beta and exchange rate return beta would be equal in magnitude and opposite in sign. Earlier, we saw in Table 1 that a portion of the interest rate differential is offset by the exchange rate return in the direction of UIP but is not fully offset. Table 4 reports portfolio betas on the interest rate differentials and exchange rate returns separately. 8 The interest rate differential component of the beta is from a regression of 1 n i;t 7 The details of the GMM procedure are written up in an unpublished appendix, available upon request from the authors. 8 The table also shows Newey-West t-ratios on the betas, but statistical significance of the betas is not key in the analysis. The focus is on whether BBD Global is a significantly priced factor, or whether k is significant. The standard errors for the k estimate takes into account the sampling variability of the estimated betas.
We see that the interest rate differential beta declines monotonically across portfolios P 1 through P 6 . Only the betas for the P 5 and P 6 interest rate differentials are negative. These interest rates tend to fall relative to the US rate in times of high global uncertainty. In P 1 À P 4 , yields tend to increase relative to the US in times of high global uncertainty.
Except for the positive beta on P 1 exchange rate returns, the other betas are negative. In times of uncertainty, P 2 through P 6 portfolio's currencies depreciate relative to the USD when BBD Global uncertainty increases. The pattern is consistent with the idea that the US is viewed as a safe haven relative to these currencies, whereas the P 1 currencies seem to be safe relative to the US.
Robustness analysis
In the previous analysis, the BBD Global factor is seen to be negatively priced into the carry-trade-generated currency excess returns. Is this result robust to alternative subsample analyses? To address this, we first restrict our sample to developed countries. We then consider only emerging market countries. Lastly, we restrict our sample to two common time-span samples. Notes: The raw data are monthly and are end-of-month and point-sampled. To form the portfolio returns, we sort by the nominal interest rate (carry) for each country from low to high. The rank ordering is divided into six portfolios, into which the currency returns are assigned. P 6 is the portfolio of returns associated with the highest nominal interest rate countries and P 1 is the portfolio of returns associated with the lowest nominal interest rate countries. This table reports the two-pass procedure estimation results from a one-factor model. In the first pass, we run N ¼ 6 individual time-series regressions of the excess returns on the K factors to estimate the factor 'betas,' re
is the excess return, b i;k is the factor beta, and f U k;t is the uncertainty factor. The factors considered include BBD US Equity, BBD US EPU, BBD Global, CI GeoPol, HRS MPU, JLN Macro, JLN Fin, S-RTA Global, OZ Global, RSS-U, RSS Ex Ante, and RSS Knightian. In the second pass, we run a single cross-sectional regression of the (time-series) mean excess returns on the estimated betas, re
is the average excess return, c is the intercept, k k is the risk premia, and a i is the pricing error. The table reports the price of risk (k) and its associated t-ratio (using GMM standard errors), the estimated intercept (c) and its associate t-ratio, R 2 and the Wald test on the pricing errors (Test-stat), and its associated p-value (p-val.). '*' indicates significance at the 10% level. Bold indicates significance at the 5% level. Similar to the full sample, P 6 excess returns are large (positive), on average, P 1 excess returns are low (negative), on average, and non-monotonicity of the excess returns is due to P 3 . However, there is less variation in the data for the developed countries and there is not a large jump in the average excess return from P 5 to P 6 . Table 6 shows the second stage estimation results for the single-factor model. While there remains evidence that the BBD Global is priced into the excess returns (t-ratio = À1:96; R 2 ¼ 0:91), the results are weakened relative to the full sample results ( Table 2 ) on account of the smaller sample size and smaller variation across mean excess returns. Table 7 shows the second stage estimation results for the two-factor model with BBD Global as the maintained first factor. In most cases, the t-ratio on the second uncertainty factor is smaller in magnitude than that on the BBD Global factor. The exception is BBD US EPU. These results suggest that there is potentially a difference in risk exposure for developed countries versus emerging market countries. Developed country currency returns appear to be more sensitive to US uncertainty and less impacted by global risks than emerging market countries. Notes: These are log-approximated excess returns and exchange rate returns. The excess return beta is from regressing re p i;t on the BBD Global factor f U t : The interest rate differential beta is from regressing 1 ni;t P j2Pi ðr j;tÀ1 À r 0;tÀ1 Þ on f U t . The exchange rate return beta is from regressing 1 ni;t P j2Pi D lnðS j;t Þ on f U t . t-ratios are computed by Newey and West (1987) . '*' indicates significance at the 10% level. Bold indicates significance at the 5% level. D lnðS j;tþ1 Þ in log-units. The emerging market country subsample includes Brazil, Chile, Colombia, Czech Republic, Hungary, India, Indonesia, Malaysia, Mexico, Philippines, Romania, South Africa, Thailand, and Turkey. Similar to the full sample and developed country sample, P 6 excess returns are large (positive), on average, and P 1 excess returns are low (negative), on average. Also, there is substantially more cross-sectional variation in mean currency excess returns for the emerging market countries. Here, non-monotonicity of the excess returns is due to P 2 and there is a large jump in the average excess return from P 5 to P 6 . Table 9 shows the second stage estimation results for the single-factor model. These results are stronger than the developed country sample results (Table 6 ). Table 10 shows the second stage estimation results for the two-factor model. In all cases, the BBD Global factor is significant at the 5% level and the second uncertainty factor is never significant.
Developed countries analysis

Emerging market countries analysis
Analysis on common time-span samples
We next address the concern that the BBD Global factor may dominate the other uncertainty factors because we have a longer time-series for the BBD Global factor than for most of the other factors. In this subsection, estimation is done on a common time-span sample across the alternative uncertainty factors.
We first consider the relatively short time period from May 2003 to June 2014 where we have data available for all uncertainty factors. Call this 'common sample 1.' Table 11 shows the second stage estimation results for the single-factor model. These results are weaker, but there remains evidence that the BBD Global factor is priced into the carry-trade-generated currency excess returns (t-ratio = À1.77). Second-stage estimation results for the two-factor model, reported in Table 12 , are favorable to the maintained BBD Global first factor. BBD Global is significant at the 5% level in eight cases and significant at the 10% level in four cases. In all cases, the second uncertainty factor is never significant.
We next consider the common time span extending from November 1989 to June 2014. Call this 'common sample 2.' Here, we need to exclude the S-RTA Global uncertainty factor. Table 13 shows the second stage estimation results for the single-factor model. These results are not as strong as the full sample results (Table 2) , but there remains evidence that the BBD Global factor is priced into the excess returns (It has the largest t-ratio and R 2 :). Table 14 shows the second stage estimation results for the two-factor model with BBD Global as the maintained first factor. In all cases, the BBD Global factor is significant at the 5% level and the second uncertainty factor is never significant. In sum, while the results from the subsample analysis are not as strong as in the full sample, our main result is maintained. We take this as further evidence that BBD Global is a robust uncertainty factor for carry-trade-generated currency excess returns.
Country-level exposure to uncertainty
In the preceding analysis, we sorted countries by interest rates and formed portfolios. Average portfolio excess returns varied in proportion to their betas on the BBD Global measure of uncertainty. Additional evidence that BBD Global is an uncertainty factor would come in the form of seeing average excess returns vary with beta. In this section, we look for this additional evidence by first estimating BBD Global betas for individual country excess returns (relative to the US) and then sort by betas. Table 15 shows these results for monthly excess returns. We show individual currency results for the top and bottom beta quartiles. A mix of emerging and developed countries appear in the low and high beta quartiles. Low (negative) beta currencies have high average excess returns and large positive beta currencies have low average excess returns. Fig. 3 plots the individual average currency excess return against its BBD Global beta. 
Interpretation
A no-arbitrage model for interest rates and exchange rates provides an interpretative framework for our results. 9 Let m j;tþ1
be the log of country j's nominal SDF, and let V j;t ¼ E t m j;tþ1 À E t m j;tþ1 À Á 2 be its date t conditional variance. Under complete markets and log-normality of the SDF, the investor's Euler equations lead to the pricing relations The country beta is from a regression of re i;t on the BBD Global factor f U t . The excess return is re i ¼ 1 T P T t¼1 re i;t .
9 The model is closely related to Lustig et al. (2011) , who extend the Cox et al. (1985) affine-yield models of the term structure to pricing currency excess returns.
Conclusion
It has long been known that systematic currency excess returns (deviations from uncovered interest rate parity) are available to investors. A simple strategy to earn these returns is the carry trade, whereby one borrows the low interest currency and lends in the high interest currency. The returns from the carry trade are compensation for exposure to systematic risk. In this paper, we study whether or not that risk is efficiently quantified and measured by recently proposed measures of macroeconomic and financial uncertainty. The alternative measures we study vary in their focus and by the methodology in their construction. Upward spikes in these uncertainty measures have been shown, by their authors, to be followed by subsequent periods of depressed economic activity.
We find an analogous effect of uncertainty on carry-trade-generated asset returns. While most of the uncertainty literature has focused on measuring US uncertainty, we find that a US centered measure is not a sufficient statistic for pricing currency excess returns. A global uncertainty factor, constructed as the cross-sectional average of the newspaper analysis of Baker et al.'s (2016) economic policy uncertainty index is found to be significantly priced into monthly carry-tradegenerated excess returns. Periods of high measured global economic uncertainty are identified with the bad state. Interest-rate sorted portfolios of currency excess returns are found to have negative exposure (betas) to global uncertainty. That is, the currency excess returns tend to fall in times of high measured uncertainty. Significantly, the magnitude of the negative exposure is increasing with the average excess return.
